The purpose of this study was to assess the effects of systemic zinc sulfate in the treatment of recurrent aphthous stomatitis (RAS) by atomic absorption spectrophotometry.
INTRODUCTION
Recurrent aphthous ulcers or recurrent aphthous stomatitis is one of the most common oral mucosal diseases1-4). Recurrent aphthous stomatitis is classified into 3 types, namely the minor, major and herpetiform aphthous ulcerations1,5,6-9) The most common form of RAS is minor aphthous ulceration, and the minor form is respectively followed by major and herpetiform ulceration7).
Recurrent aphthous stomatitis is a frequently encountered problem in dentistry and for the most part presents a very troublesome clinical course. Although RAS can often affect buccal and labial mucosa, maxiller and mandibuler sulci, floor of the mouth, free gingiva, ventral surface of the tongue, soft palatal and oropharyngeal mucosa, they uncommonly involve the attached gingivae, hard palatal mucosa, vermillion border and dorsal aspect of the tongue1,6,7).
Even though RAS has a multifactorial etiology, recent articles suggest that patients with RAS may have primary immune abnormalities or immune deficiency2, 3, 5, 6) . For this reason, immunomodulator drugs are used in the treatment of RAS. In addition, nutrition is very important for the immune system. Abnormal nutrition responsible for many diseases and RAS. So, deficiencies in iron, folic acid, zinc, and vitamin B1, B2, B6, B12 have been detected in patents with RAS. During the last ZINC TREATMENT AND RAS decade, the nutrient zinc (Zn), and its immunoregulatory properties have been the focus of considerable interest. The purpose of this study was to assess the short and long term effects of zinc sulfate in the treatment of recurrent aphthous stomatitis by atomic absorption spectrophotometer.
MATERIALS AND METHODS

Materials
A total of 40 subjects, aged between 13 and 51 years old, who were admitted to the Periodontology Department of Ataturk University Faculty of Dentistry with recurrent aphthous stomatitis complaints between June, 2000 and May, 2002 were examined. With respect to the investigation protocol, subjects were divided into two equal groups. In the first group (group I), the individuals were administered zinc sulfate (220mg, once per day before a meal) for one month. The second group (control: group II) were administered placebo (saccharose, once per day before a meal) for one month. All subjects were of similar age, gender, socio-economic and sociocultural background, and did not suffer from an oral or systemic disease apart from recurrent aphthous stomatitis.
The subjects included in the study had similar inclusion/exclusion criteria including the following:10) 1 -A history of recurrent minor aphthous ulcers, 2 -The presence of 1 to 3 minor aphthous ulcers of less than 48 hours duration in an area of the mouth easily accessible for paste application, 3 -Not have undergone dental surgery within 2 weeks of study entry or be using orthodontic braces or an orthodontic retainer that could come into contact with the ulcer, 4 ->10 years of age, 5 -Not be pregnant or lactating, 6 -Not have any concurrent clinical condition that could pose a health risk to the subject by being involved with the study, 8 -Not have ulcers that are manifestations of a systemic disease process such as ulcerative colitis, Crohn's disease, Behcet's syndrome, or anemia, 9 -Systemic corticosteroid and immunomodulatory agents had not been used (1 month), 10 -Not taken non-steraidal anti-inflammatory agents (except occasional use for headaches), 11 -Not taken oral antihistamines (1 month), 12 -Topical medications and systemic antibiotics were not used (2 weeks). The recurrences of aphthous stomatitis before treatment and after treatment, and the associated statistical comparisons are given in Table 3 . In the present study, the frequency of ulceration occurred at 1 week to 1 month intervals, but was most often at 1 month intervals. For before treatment, there was no significant difference between the recurrence scores of aphthous stomatitis of groups I and II (p>0.05). However, the recurrence scores of aphthous stomatitis for group I were lower than those for group II after treatment, and the difference between groups I and II was significant (p<0.01). After 1 month of zinc therapy the aphthae disappeared and did not reappear for 3 months. Zinc is the second most abundant trace metal in the human body and is present in all living cells and body secretions12). Zinc is an essential nutrition for growth in human, animals, and plants13-16).
It was reported that zinc deficiency can have marked effects on virtually all components of the immune system14). In the present study, we assessed the effects of zinc sulfate in the treatment of recurrent aphthous stomatitis using atomic absorption spectrophotometery. The clinical manifestations in severely zinc deficient subjects include bullouspustular dermatitis, diarrhea, alopecia, mental disturbances, and intercurrent infections due to cell-mediated immune disorders: if untreated the zinc deficiency becomes fatal17). Growth retardation, male hypogonadism, skin changes, poor appetite, mental lethargy, abnormal dark adaptation, delayed wound healing are some manifestations of moderate zinc deficiency in human subjects17,18). Although clinical, biochemical, and diagnostic aspects of severe and moderate levels of zinc deficiency in humans are now well recognized, the recognition of mild marginal zinc deficiency has been difficult17). If zinc deficiency in the diet is continued for months or years, a mild or marginal zinc deficiency may occur. Generalized malnutrition and select nutrient deficiencies can result in a compromised immune response14). The influence of a nutrient on the immune response involves a complex interaction among at least three major effector mechanisms: antibody-mediated immunity, cell-mediated immunity, and phagocytosis.
Although not considered a component of the immune response, mucosal and barier immunity (i.e. skin acting as a barrier to prevent penetration of organisms) can be affected by the nutritional status of an individual14). ALP activity was significant between the healthy and zinc sulfate groups (p<0 .05) but there was no significant difference between the placebo and zinc sulfate groups (p>0.05). Consequentay, saliva ALP activity of RAS patients was found to be low. However, there was no significant difference after the treatment of zinc sulfate (p>0.05). For this reason, it is suggested that there was no significant effect of the short term zinc treatment on saliva ALP activity. Approximately 60-70% of circulating zinc is bound loosely to albumin13) . There is a linear relation between albumin concentration and zinc concentration in the blood30). In the present study, serum ALB levels were used as a parameter in evaluation of serum zinc. After treatment there was a significant difference between group I and group II. Solo mons15) reported a linear relation between albumin concentration and zinc concentration in the blood. The present results and that of Solomons were similar.
Zinc status was evaluated in many studies by direct analysis of zinc concentrations in serum by atomic absorption spectrophotometry16,25,31,32) We also used this method. According to before treatment, there was no significant difference between group I and group II (p>0.05).
However, there was a significant difference between group I and group II (p<0.05).
The present results and those of Wang et al.33) suggested that zinc sulfate treatment increased the serum zinc level.
In comparisons of group II before treatment and after treatment there were no significant differences for any parameters (p>0.05) but there was a significant difference within the groups in group I (p<0.01).
Saliva ALP values were not significantly different between the groups before treatment and after treatment but there was a significant difference within the groups after the treatment (p<0.05) . This suggested that saliva ALP levels can be affected very little after the zinc repletion period.
Previous studies reported that zinc can successfully be used in the treatment of RAS31-33). However, zinc is not taken in excess of the Recommended Dietary Allowance (RDA) because the amounts used in pharmacological dosages of 100-300mg zn/dl may induce acute toxlclty34). The World Health Organization recommendation for zinc is 15-100mg/day22,34). However, the rate of zinc intake can be changed from one study to another. Solomons et al.35) suggested that the oral zinc intake of a patient should consist of 220mg zinc sulfate (50mg of elemental zinc) one times daily for 28 days, and Antoniou et al.36) reported that zinc administered orally at 168mg/day as zinc acetate (50mg of elemental zinc) should be one times daily for 2-3 weeks. In the present study, the group I subjects were asked to take one 220mg zinc sulfate capsule each day for 1 month (30 days). This dosage is suitable according to the WHO recommendation.
The frequency of ulceration and its severity varies from patient to patient37). Recurrences usually occur at one-to four-month intervals although some patients reported a history of ulcers being present for most of the time4,8,9). Meiller et al.38) reported that approximately one in 10 persons is susceptible to monthly attacks, whereas most susceptible persons have three to four episodes of new lesions per year. In addition, Woo et al.7) reported that greater than 50 percent of patients had an episode every one to three months, while 30 percent of patients had continuous recurrences without ulcer-free periods. In the present study, improvement consisted of 80% to 100% reduction of the frequency of episodes. After 1 month of zinc therapy, the aphthae ulceration disappeared in 1 week intervals.
In addition, improvement consisted of 81.8% reduction the frequency of episodes at 1 month intervals. No therapeutic effect was seen with the use placebo. At baseline, recurrences of aphthous did not exhibit any statistically significant differences between group I and group II (p>0.05), but after the treatment there was a significant differences between the groups (p<0.01).
CONCLUSIONS
Of the 40 patients with RAS, 17 (42,5%) were found to have serum zinc levels less than normal. These results suggest that in some patients there is an association between zinc deficiency and RAS. After 1 month of zinc therapy (220mg zinc sulfate orally once per day for one month) the aphthae were reduced and did not reappear for 3 months. Improvement consisted of 80% to 100% reduction in the frequency of episodes. No side effect was seen with use systemic zinc sulfate. The serum zinc levels were also normalized with treatment.
The empirical use of systemic zinc sulfate supplementation in the treatment of RAS is recommend. 
